During the course of a formal program of cooperation between the United States and the Soviet Union concerning the biological effects of physical factors in the environment, it was concluded that duplicate projects should be initiated with the general goal of determining the most sensitive and valid tesf procedures for evaluating the effects of microwave radiation on the central nervous system. This report details an initial step in this direction. Male rats of the Fischer 344 strain were exposed or sham exposed to 10 mW/cm2 continuous wave microwave radiation at 2.45 GHz for a period of 7 hr. Animals were subjected to behavioral, biochemical, or electrophysiological measurements during and/or immediately after exposure. Behavioral tests used were passive avoidance and activity in an open field. Biochemical measurements were ATPase (Na + ,K +; Mg2 + ,Ca2 +) and K + alkaline phosphatase activities. Electrophysiological measurements consisted of EEG frequency analysis. Neither group observed a significant effect of microwave irradiation on open field activity. Both groups observed changes in variability of the data obtained using the passive avoidance procedure, but not in the same parameters. The U.S. group, but not the USSR group, found significantly less Na + ,K + -ATPase activity in the microwave-exposed animals compared to the sham exposed animals. Both groups found incidences of statistically significant effects in the power spectral analysis of EEG frequency, but not at the same frequency. The failure of both groups to substantiate the results of the other reinforces our contention that such duplicate projects are important and necessary.
Introduction
A formal program of cooperation between the United States and the Soviet Union concerning the biological effects of physical factors in the environment has been in existence since 1975 (1) . During a US-USSR workshop on nervous system effects of electromagnetic waves held in the US in 1982 (2) , it was concluded that duplicate projects should be initiated with the general goal of determining the most sensitive and valid test procedures for evaluating the effects of microwave radiation on the central nervous system. Effects on the central nervous sys-tem and behavior have been the subject of greatest controversy in the entire field of bioeffects of microwave radiation (3) . We believe this is due, at least in part, to a lack of unified methodological approaches and an inadequate data base for selecting the most appropriate methods. Moreover, there have been few attempts to verify many of the findings in other laboratories (4) . It was for these reasons that this joint project was undertaken.
As an initial step in this direction, a protocol was developed for an experiment with short-term exposure using methods considered by the Soviet scientists to be sensitive in detecting microwave effects. Behavioral, biochemical, and electrophysiological investigations were included because concomitant measurements at different levels of neural organization aid in substantiating the validity of the results and are vital for understanding the mechanism of observed effects.
The behavioral tests chosen were simple examples of "naturalistic" (open field) and "learned" (passive avoidance) behaviors. On the basis of previous experience with these tests, using Wistar rats (5) , it was expected that differences between microwave-exposed and shamexposed rats would be detected. For the biochemical studies we chose to study membrane-associated ATPases for several reasons. ATPases represent a basic element in the active transmembrane transfer of ions (6) . Moreover, they bear interrelationships with each other since Na + ,K+-ATPase activity is indirectly dependent on intracellular Ca2 + ion concentration. In turn, Ca2 + distribution is regulated, in part, by Mg2 + ,Ca2 + -ATPase (6, 7) . Also, Na + ,K +-ATPase has been postulated to play a role in thermoregulation (8) . The 
Methods

Subjects
Experiments were carried out using male rats of the Fischer 344 strain weighing 200 to 250 g. At NIEHS, the animals were obtained from Charles River Kingston Breeding Laboratory, Stone Ridge, NY The animals were received at the Institute 1 week before placing them in the environmental chambers. The animal room was maintained at 21 + 20C and 50 to 60% humidity and on a daynight cycle from 0700 to 1900 (light) and 1900 to 0700 (dark). After 1 week the animals were moved to two environmental chambers (one chamber for exposure and the other for sham exposure), which were maintained at the conditions specified above. Food (NIH rat chow) and water were given ad libitum except during adaptation, exposure, and testing procedures.
Conditions at MRIGCH were similar except that the animals were obtained from their own colony. This colony was established in 1983 using animals obtained from Jackson Laboratories, London. Analysis of the food showed that both groups of animals had a similar diet (Table 1) .
Adaptation Procedure
Beginning 8 days prior to exposure, all animals ex- At all other times the animals remained in the individual cages but had food and water ad libitum. In order to keep the animal in the individual cages while the tops were removed, the cages were placed on a 30-cm high styrofoam support (Fig. 1 ).
Exposure Procedure
At NIEHS, four animals were exposed and four animals were sham exposed following the 8-day adaptation period. The rats in the exposed group were exposed from above in the far field of a horn antenna to a power density of 10 mW/cm2 of continuous wave 2.45 GHz microwave radiation for a period of 7 hr starting at 0900 and ending at 1600 (Fig. 1 ). The variation in incident power density from cage to cage did not vary more than ± 10%. These measurements were made at each cage location with all cages in place and inside each cage with all cages in place with a NBS Model B probe. During the exposure the chambers were maintained at a temperature of 21 ± 20C and humidity of 50 + 10%. The specific absorption rate (SAR) was measured using dead animals located at various orientations to the E field in an exposure cage. A calorimetric technique was used to make these measurements. The average whole-body SAR was found to be 2.7 mW/g when all orientations were considered (9) .
Two animals from each of the exposed and shamexposed groups were used for behavioral measurements, and the other two animals of each group were used for biochemical measurements. The experiment included 10 replications, which resulted in 20 animals per group at the completion of the experiment. At a later date the same procedure was followed except that only two animals were exposed and two were sham exposed at a time. Again, there were 20 animals in each group. These were used for electrophysiological measurements.
The procedure at MRIGCH was similar except that three animals were exposed and three were sham exposed at a time. The number of animals used for behavioral, biochemical, and electrophysiological measurments during any given exposure varied from 1 to 3. The experiment included 7 animals per group for behavioral analysis and 18 per group for both biochemical and electrophysiological analyses. Power density and SAR measurements yielded the same results as at NIEHS. Measurements were made by both the U.S. and the USSR investigators in the Soviet's exposure chambers and excellent agreement was obtained (10, 11) .
Behavioral Assessments
The behavioral tests used were passive avoidance and activity in an open field. The same rats were used in both tests. A diagram of the passive avoidance apparatus is shown in Figure 2 .
Four days prior to microwave exposure all animals were tested for 3 number of animals that avoided the shock on the retest day was recorded. Immediately after exposure the rats used for behavior were placed in an open field of dimensions 1 m x 1 m with 30-cm high sides. The floor was divided into 20 cm x 20 cm squares alternating in color from white to blue. Indices were taken in three trials, each of 1 min duration. At the beginning of each trial the rat was placed under an opaque plastic bottomless box (cowl) in the center of the field (white square) for 15 to 20 sec. The box was made of colored Plexiglas. The dimensions of the box were 15 cm in length, 9 cm in width, 12 cm in height, with a 1 cm gap at the bottom of the long sides for the rat's tail. The nine center squares were designated the center of the field.
The following parameters were recorded: a) exploratory activity: the total number of squares crossed (crossed by the rat's back paws); b) central activity: the number of squares crossed in the center of the field after the rat has left the center once; and c) vertical activity: the number of times the rat rises onto its back paws, lifting both front paws and turning its head upward. These parameters were recorded during the trials. At NIEHS, they were also checked for accuracy later by two investigators observing a videotape recording of the open field activity.
In the open field test, separate ANOVAs were calculated for each of the measures (total squares, inner squares, outer squares and vertical). In the passive avoidance test three analyses were performed: a) mean and variance for each of the parameters measured, b) F-ratio test of homogeneity of variances for each of the parameters, and c) Mann-Whitney U-tests on each of the parameters.
Biochemical Measurements
The rats used for biochemical evaluation were sacrificed immediately after exposure by freezing with liquid nitrogen. At NIEHS, the head was removed and stored in a freezer at -700C. Three days later the brain was extracted. At MRIGCH, the brain was extracted immediately after freezing and stored in liquid nitrogen until the next day. ATPase activity was measured by the technique based on the Fiske-Subarrow method (12) .
Isolation of the Fractions of Synaptic Membranes from the Cerebral Cortex Synaptosomes. In the U.S., rat cerebral cortex, usually 2 g wet weight, was dispersed in 18 mL of 0. Identification of Na + ,K+-ATPase Activity and the Activity ofK+ -Alkaline Phosphatase. Activity of Na +, K +-ATPase was identified in the reaction mixture containing 30 mM Tris-HCl (pH 7.4); 4.5 mM MgCl2; 3 mM ATPNa2; 100 NaCl; 20 mM KCl. In the control preparations the mixture contained 0.1 mM ouabain as well. The reaction was started by adding the 0.9 mL enzymatic preparation and maintained at 370C for 20 min and then stopped by addition of the cold trichloracetic acid solution to a final concentration of 5%. Nph (nonorganic phosphor) was identified according to .
K +-alkaline phosphatase activity was identified in 1.5 mL of the following mixture: 30 mL Tris-HCl (pH 7.5); 4.5 mM MgCl2; 3 mM p-nitrophenolphosphate; 5 mM KCl. At the beginning of the assay KCI was not present. The reaction was started by adding the enzymatic preparation, the mixture incubated for 10 min at 370C, and then the reaction was stopped by addition of 3.5 mL 0.2 M NaOH solution. The released p-nitrophenol quantity was identified by the spectrophotometer at 390 nm.
Identification ofMg2 + ,Ca2 + -ATPase Activity. ATPase general activity, depending on the presence of two-valent Mg2 + and Ca2 + cations was identified in the media consisting of Tris-HCI (pH 7.4), 6 Figure 3 . Leads were attached to a dowel suspended horizontally from the ceiling and counterbalanced with modeling clay (Fig. 4) to prevent entanglement by the animals' movements.
On the day of exposure, the leads were attached 30 min prior to exposure. EEG recordings were begun 5 min be- 
Results
Behavioral Assessments
The data for the open field activity are summarized in Table 2 . There were no significant differences between the control and exposed groups. During the first epoch, in particular, the animals in the USSR study tended to be more active than those in the US study, especially with respect to activity in the outer squares. This occurred irrespective of microwave exposure.
In the passive avoidance procedure, only a few of the animals avoided the shock (5/20 in the control and 4/20 exposed in the US study and 2/7 in both groups in the USSR study). The results for those animals that did not avoid the shock are shown in Table 3 . The only statistically significant effects were changes in variance. In the US study there were significant increases in variance in the microwave exposed compared to sham exposed data for latency for light avoidance and latency to first entry. With respect to the latter, this was entirely due to one animal. In the USSR study, there was less variability in the microwave- 
Biochemical Measurements
The biochemical data are summnarized in Table 4 . In the US study, Na + ,K +-ATPase activity was significantly less in the microwave-exposed animals than in the shamexposed animals. There were no other statistically significant results. Note also that the values for all the ATPase activities were much lower in the US study than in the, USSR study.
Electrophysiological Measurements
The power spectral analysis of the EEG frequency bands are shown in Figures 5-10 . It is evident from the figures that although incidences of statistically significant effects were observed by both groups these were not consistent between groups. 
aData are averages of 15 (US control), 16 (US exposed), and 5 each, USSR control and exposed. Numbers in parentheses represent SE.
*Significantly larger variance than corresponding control.
tSignificantly larger variance than corresponding exposed group. 
Discussion
The failure of both groups to observe effects in the behavioral tests attributable to microwave exposure was unexpected because previous experience with these tests, using Wistar rats (5) , had detected differences between microwave-exposed and sham-exposed rats. It is also interesting to note that in both the U.S and USSR studies, all animals entered the dark chamber of the passive avoidance apparatus and remained there for at least 30 sec one or more times during the pretest selection process. Again (13) . Suffice it to say that the behavioral literature is replete with examples of behavioral, pharmacological, and biochemical differences among strains of rats (13) (14) (15) (16) (17) . Attempts have been made to identify the cellular localization of these different enzyme forms, but this has not yet been unambiguously accomplished (18) . It is known, however, that these two isoenzymes have different sensitivities to certain chemicals (19, 20) and to hormones such as insulin (21) and thyroid hormone (22) . It is conceivable that microwave irradiation might preferentially affect one of the isoenzymes, either directly or indirectly through alteration of hormonal regulation. Obviously, this can only be resolved by further research. This study represents our initial attempt at duplicate projects. It is one of the few (and certainly the most extensive) efforts of this type in research on the nervous system effects of microwave radiation. Although much effort was expended in an attempt to ensure that this study was truly a duplicate project, certain differences existed, especially with respect to biochemical analyses. In retrospect, a less ambitious project might have been easier to control. Also, conducting pilot experiments and then meeting to verify adherence to protocols prior to undertaking the complete study would have been useful. Others contemplating such projects might wish to take this into consideration.
Nonetheless, we view this effort as a success in at least two respects. First, for an effort of this magnitude, the incidences of nonduplication of effort were relatively few. Thus, we feel this study demonstrates that duplicate projects of this scale can be conducted. However, the commitment to them must be strong. We remain convinced that such studies are important and necessary. Indeed, the failure of both groups to substantiate the results of the other reinforces this contention. Second, the mutual respect and friendships that resulted from the extensive meetings concerned with developing and refining the protocol and discussing the data were particularly gratifying. We encourage, indeed urge, others to undertake such projects.
